During June 16-21, 2010, an Earth-directed Coronal Mass Ejection (CME) 5 event was observed by instruments onboard STEREO, SOHO, MESSEN-6 GER and Wind. This event was the first direct detection of a rotating CME 7 in the middle and outer corona. Here, we carry out a comprehensive anal-8 ysis of the evolution of the CME in the interplanetary medium comparing 9 in-situ and remote observations, with analytical models and three-dimensional 10 reconstructions. In particular, we investigate the parallel and perpendicu-11 lar cross section expansion of the CME from the corona through the helio-12 sphere up to 1 AU. We use height-time measurements and the Gradual Cylin-13 drical Shell (GCS) technique to model the imaging observations, remove the 14 projection effects, and derive the 3-dimensional extent of the event. Then, 15 we compare the results with in-situ analytical Magnetic Cloud (MC) mod-16 els, and with geometrical predictions from past works. We find that the par-17 allel (along the propagation plane) cross section expansion agrees well with 18 the in-situ model and with the Bothmer & Schwenn [1998] empirical rela-19 tionship based on in-situ observations between 0.3 and 1 AU. Our results ef-20 fectively extend this empirical relationship to about 5 solar radii. The ex-21 pansion of the perpendicular diameter agrees very well with the in-situ re-22
shows the positions of STEREO A and B spacecraft with respect to Earth in the 144 ecliptic plane. The position of the MESSENGER spacecraft also appears in the figure at 145 a distance of ∼0.5 AU, and at an angle of -20 o from the Sun-Earth line towards STB. 146 
Remote Sensing Observations
The CME was observed remotely until it reached Earth on June 21, 7:20 UT. The CME 147 initiation was observed by the EUV imagers aboard three spacecraft; SDO, STA and STB. 148 These and the inner corona observations of the CME are discussed in detail in Paper I. 149 We give only a brief summary here. 150 The CME was first observed in the SECCHI COR1-A and -B fields of view on 16 June 151 2010 at 06:05 UT. The CME was a typical 'stealth CME' event [Robbrecht et al., 2009] . 152 It was not associated with any obvious low coronal activity on the disk such as a flare or 153 filament eruption. However, the EUVI-A and B telescopes detected outflowing material, 154 off the Earth-facing solar limb, in 304Å and 195Å images. Thanks to the observations, 155 we were able to identify the source region in the SDO/AIA and HMI observations. The 156 event originated from an extended quiet Sun filament channel located close to the cen-from multiple vantage points to derive the orientation, propagation and geometry of the 215 erupting structure at different times. Third, we fitted the in-situ magnetic field data 216 with two analytical models to derive the orientation of the MC. The first model assumed 
Height-Time Measurements of the CME Envelope
This is the most common method of extracting information from HI/coronagraph im-220 ages through direct measurements of the height versus time of the feature of interest.
221
Because the visible emission is optically thin, these measurements always refer to quan-222 tities projected onto the plane of the image. Here, we measure four distinct features of 223 the CME: the leading and trailing edges, and the two furthest latitudinal extents of its 224 flanks. We define the trailing edge as the apex of the V-feature ( Figure 2 ). From the 225 measurement of the leading edge, we determine the velocity and position angle of the 226 CME (Table 1) . We use these measurements to characterize the dimensions of the CME, 227 by calculating the front elongation and the CME diameters parallel and perpendicular to 228 its propagation. These parameters are represented schematically in Figure 4 .
229
Although direct measurements of CMEs are relatively easy to carry out they must be 230 interpreted with care because they are subject to projection effects, which depend on the 231 D R A F T April 6, 2012, 1:46pm D R A F T is an upper limit to the actual cross-section of the CME. If the CME is oriented face-on, 233 as in Figure 5a then the perpendicular diameter is the width of the CME. If the CME is 234 oriented edge-on (Figure 5b) , the perpendicular diameter is the actual cross-section of the 235 CME. For any other orientation between these two extremes, the perpendicular diameter 236 will be larger than the CME cross-section. Generally, it is difficult to correct for this 237 projection since we do not know a priori how the CME is projected onto the plane of the 238 sky. A similar argument can be made for the parallel (along the propagation direction) 239 diameter. Contrary to the case for the perpendicular diameter, the parallel diameter is 240 the lower bound of the CME cross-section. If the CME is oriented in the plane of the 241 image then the parallel diameter will be the cross-section. If the CME is oriented out 242 of the plane of the image then the parallel diameter will be shortened by the projection.
243
Therefore, the parallel diameter will always be less than or equal to the actual CME 244 cross-section.
245
The height-time measurements are shown in Figure 6a . They suggest that the expansion 246 of the CME diameter, whether perpendicular or parallel to the propagation direction, is 247 not linear. However, we cannot be sure if this is a real or a projection effect until we 248 correct for projection effects. To properly estimate those, we need to derive the flux-rope 249 orientation as follows. The GCS technique is of limited use for studying CME distortion due to interactions implications on the global geometry of the fitted ICME. The first condition has implica-295 tions for the overall picture of the CME/ICME evolution in the interplanetary medium.
296
Locally, at 1 AU, the assumption that the system is under a force free condition could be 297 correct. However, we treat the problem more generally in order to understand the inter- the possible configuration is shown in Figure 7 . 356 For the larger interval (interval 2) the front boundary is identified to be earlier, at 3:45
357
UT of 19 June 2010 (Table 1) 
